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Atlantic circulation keeps turning
Two major research projects that are running out in November have 
investigated the Atlantic circulation system that includes the Gulf Stream and 
come to the conclusion that there is no immediate risk of it shutting down, 
allaying fears that were raised seven years ago. Yet a better understanding of 
the interaction between ocean circulation and climate change is still needed, 
so two new research projects are going to continue this work and extend it to 
the implications for fisheries and urban environments. Michael Gross reports.  
 
Water cycle: Hamburg is not only a city that lives from the ocean and is permeated by water: it has 
also become a hub for research in oceanography and climate change. (Photo: Michael Gross.)In December 2005, researchers from 
the UK’s National Oceanographic 
Centre at Southampton reported 
results suggesting that the Atlantic 
circulation system, which transports 
heat from the tropics to the shores 
of Europe, may be slowing down 
(Nature (2005) 438, 655–657). 
Circulation measurements made at 
25 degrees North (the latitude of 
the Florida Keys) in 2004 seemed to 
show a slowdown of around 30% 
compared with four earlier datasets 
taken since 1957. 
Specifically, a larger than usual part
of the water was recirculated at the 
surface of the Atlantic, essentially 
running in a circle between the 
Caribbean and the coast of West 
Africa, the so–called subtropical gyre.
This effect subtracts from the amount
of warm water available for the 
northward current that carries heat 
towards European shores and the 
Arctic, and then plunges into deep 
cold waters to return southward as a 
deep current. The entire circulation 
system is called the Atlantic 
Meridional Overturning Circulation, or
AMOC. 
In response to these results, 
concerns were raised and widely 
reported that Europe’s oceanic heat 
supply could break down, which 
would have dramatic effects on the 
regional climate. Although experts 
agreed that there was a large 
uncertainty attached to the data 
available up to 2005, the issue clearly
called for further investigation. 
These fears motivated first the 
UK/US programme MOCCA–RAPID, 
which put out moored measuring 
devices along 26° N, and then, on 
the European level, the international 
research project THOR (Thermo 
Haline Overturning circulation — at 
Risk?), which was funded from the 
EU’s seventh Framework Program 
(FP7) and also incorporated  
 
 
follow-up work from the RAPID 
measurements. The THOR project 
will reach the end of its four-year run 
in November. 
At the end of September, THOR 
scientists held a joint final conference 
together with their colleagues from 
another big research collaboration 
focusing on the North Atlantic, 
funded by Germany’s research 
ministry (BMBF) and fittingly labelled 
Nordatlantik. The funding for this 
project also runs out in November 
after six years of research. 
Apocalypse not now
The researchers meeting up at 
Hamburg had some good news to 
spread, which secured them a highly 
visible slot on the main evening news 
of German television: the apocalyptic 
shutdown of the Atlantic circulation 
extrapolated from the data available 
seven years ago will not take place, 
at least not within the range of 
around 15 years, for which modellers 
can now make reasonably safe 
predictions. “The predictions made seven 
years ago were based on a few 
measurements made at 25 degrees 
North. There simply weren’t enough 
data points,” says Detlef Quadfasel 
from the University of Hamburg, who 
chairs the THOR project. “At the 
time, we didn’t know that there is 
a seasonal variability of 20% of the 
mean transports. If not adequately 
sampled and extrapolated into 
the future, it quickly leads to the 
prediction of a disaster.” 
Based on the much more detailed 
knowledge we have now, both from 
observations over long time periods 
and in many different places, and 
from more sophisticated computer 
modelling of the oceanic and 
climate system, the scientists are 
now certain that a failure of the 
Atlantic circulation will not happen 
within a few years, and definitely 
not within days, as suggested in 
the Hollywood blockbuster The Day 
After Tomorrow from 2004, which 
several of the speakers ridiculed for 
its misrepresentation of the reality of 
climate science. 
“There is a risk that something 
might happen to the Atlantic 
circulation,” admits Quadfasel, “but 
the timescale for this would be a few 
tens of years. So we can be quite 
sure that disaster isn’t going to strike 
within the next ten years, and quite 
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Central heating: The Atlantic meridional overturning circulation, which contains the Gulf 
stream among other elements, carries heat from the tropics to the northwestern shores of 
Europe and is thus a key factor for the relatively mild climate of this area. (Graphic: Detlef 
Quadfasel Nature 438, 565–566 (1 December 2005) doi:10.1038/438565a.)probably it won’t happen in the next 
50 years either.” 
This finding gives the scientists 
a bit more time to get to grips with 
the complexities of the interactions 
between ocean currents and the 
changing climate, using a growing 
fleet of measuring devices and 
an improving toolkit for computer 
simulations. 
Status updates
The key to picking up any real 
change that may be happening is 
to have a solid foundation of data 
describing the natural variation in the 
behaviour of oceanic parameters, 
including temperatures, currents, 
and salinity changes. One key 
instrument used to observe ocean 
circulation directly is the ADCP 
(Acoustic Doppler Current Profiler), 
which is typically deployed in buoys 
anchored to the sea floor. Moored 
close to the bottom, they are 
reasonably safe from being dragged 
up by fishermen.ADCPs, which have been widely 
available since the 1980s, measure 
water currents in three dimensions 
by sending out sound waves and 
measuring the Doppler shift in those 
scattered by particles suspended 
in the moving water. Once installed, 
they can survey a water column of 
up to 700 metres height for as long 
as their battery pack lasts. They 
are often used in narrow passages 
like the Denmark Strait. There are 
hundreds of these devices operating 
globally, and the THOR project runs 
around 20 of them.
Another important tool is the fleet 
of more than 3,560 profiling floats 
released around the world under 
the Argo programme (http://www.
argo.ucsd.edu/), which started in 
the late 1990s and is now delivering 
millions of datapoints per year. 
The US National Oceanic and 
Atmospheric Administration (NOAA) 
provides some 300 to 400 floats per 
year, and various European national 
administrations another 200 floats. These autonomous floats spend 
most of their time under the sea 
at their ‘parking depth’ of around 
1,000 metres. Every ten days or so, 
they come up to the surface while 
measuring salinity and temperature 
profiles as a function of depth 
(pressure) during their ascent. Some 
types can dive even to 2,000 metres 
depth and start profiling from there. 
When they emerge, they relay the 
data to control stations via satellite 
links.
Most of these monitoring efforts 
have been funded by short-term 
projects like THOR. However, as 
Detlef Quadfasel remarks, in the 
long term, their maintenance should 
be handed over to some kind of 
permanent public service, like the 
Met Office. 
Modelling the future
Some of the most important 
questions addressed by researchers 
studying the interaction of oceans 
with the atmospheric climate are 
aimed at what will happen in the 
future. One would like to know, for 
instance, how the heat transport 
of the oceans, the sea levels, and 
the sea ice coverage are likely to 
change within the coming years and 
decades, and whether there will 
be any feedback effects that could 
exacerbate climate change or lead 
to regional risks of extreme weather 
events. 
Therefore, research projects such 
as THOR and Nordatlantik include a 
large number of people developing 
computer models for changes in 
the oceans and the atmosphere. 
Often these researchers are wearing 
the apologetic expression of a 
meteorologist who got the last three 
weather forecasts wrong. 
Part of the problem with weather 
forecasts is the probabilistic nature 
of the outcome, explains Tim Palmer 
from Oxford University. For instance, 
if one tries to predict five days ahead 
whether or not it will rain in a given 
location, the prediction is most likely 
to be wrong. What is needed, Palmer 
says, are more probabilistic forecasts 
expressing the uncertainties involved. 
The only problem is that a probability 
is less useful for the end user, such 
as a farmer, than a certainty. 
If one accepts, however, that 
we can only predict what may 
happen with a certain probability, 
some reasonable prediction work 
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Splashing out: Research into ocean currents 
relies on a range of instruments including the 
ADCPs (Acoustic Doppler Current Profilers), 
one of which is shown here as it is released 
from the research vessel Meteor. The ADCP 
unit is mounted inside the orange sphere, with 
an additional current meter attached to the 
cable above. (Photo: Thomas Wasilewski.)is possible on the level of seasons. 
Once the seasonal variation is under 
control, one could extend such 
models to several years and up to a 
decade, Palmer says. 
In the context of the THOR project, 
researchers have mainly used four 
major climate models, developed 
by the Max-Planck Institute for 
Meteorology, the UK Met Office, the 
Royal Netherlands Meteorological 
Institute, and the European Centre for 
Medium-Range Weather Forecasts 
(ECMWF). Wilco Hazeleger from the 
Royal Netherlands Meteorological 
Institute, for instance, has used these 
models to predict oceanographic 
phenomena that are thought to 
be associated with the Atlantic 
meridional overturning circulation 
and that can be verified against 
long-term observations. He found 
that the variability of sea surface 
temperatures and certain subsurface 
characteristics of the subpolar gyre 
can be predicted up to nine years in 
advance. 
At the moment, much of the 
modelling work is still at the stage of 
trying to ‘hindcast’ past events, i.e. 
creating a model that reproduces key 
features of the known outcome from 
a historic starting point, in order to 
validate the methods before directing 
them towards the future. 
Disappearing sea ice
One outcome that most climate 
models didn’t predict was this 
summer’s spectacular loss of Arctic sea ice coverage. On the 27th of 
August, the satellite observations 
showed that the sea ice coverage 
of 4.11 million square kilometres 
had broken the previous record 
from 2007, and since then it further 
receded to 3.49 million square 
kilometres (as of September 14th), 
compared to a typical summer 
minimum of 8 million in the 1970s. 
This is directly linked to the Atlantic 
circulation, which is also responsible 
for the fact that winter ice coverage 
in the Atlantic doesn’t reach as far 
south as in the Pacific. Sea surface 
temperatures in the North Atlantic 
have increased in the last decades, 
meaning that more heat is delivered 
to the Arctic, and more ice will melt in 
the summer. 
Still, the dramatic melt of this 
summer means that scientists have 
to revise their models. Observations 
made from ships and estimates of ice 
volume suggest that the satellite data 
may even be underestimating the 
loss of ice. Wieslaw Maslowski and 
coworkers at the Naval Postgraduate 
School at Monterey, California, have 
recently modelled the decline in the 
volume of sea ice and predicted that 
the Arctic ocean could be virtually 
ice-free as early as 2016 (Annu. Rev. 
Earth Planet. Sci. (2012) 40, 625–654). 
The implications for the ecology of 
the entire region will be profound 
(see Curr. Biol. (2012) 22, R547–R550) 
and there are bound to be dramatic 
feedback effects both from natural 
phenomena, including the reduction 
in albedo, and from human activities, 
such as the exploration for oil and 
gas in the Arctic. 
Fluctuating fisheries
Changes in the ocean circulation 
not only affect the atmospheric 
climate and ice coverage, they can 
also have dramatic consequences 
for fish populations and, further up 
in the food chain, for the fishing 
industry. One key example from the 
North Atlantic is the blue whiting 
(Micromesistius poutassou), which 
saw a dramatic population increase 
with numbers of juveniles increased 
by a factor of four to six in the mid-
1990s. Since then, the populations 
have collapsed back to previous 
levels (Marine Biology Research 
(2012) 8, 475–487). 
Researchers puzzling over the 
phenomenon have noted that it 
occurred nearly simultaneously with an unusual change in the 
North Atlantic currents. At that 
time, explains Mark Payne from 
the National Institute of Aquatic 
Resources at the Technical 
University of Denmark at 
Charlottenlund, “the North Atlantic 
subpolar gyre, a circular current of 
cold, fresh water that dominates 
the region north of the Gulf Stream, 
collapsed and retreated westwards 
at the same time. It is of course 
difficult to draw conclusions from a 
single event, but the extreme nature 
of both these events, and their close 
timing, points strongly to some form 
of linkage.”
Closer inspection revealed that the 
knock-on effects of the circulation 
change aren’t limited to blue whiting. 
“We can see the signature of the 
sub-polar gyre all the way throughout 
the North Atlantic ecosystem, from 
phytoplankton and zooplankton to 
pilot whales and puffins,” says Payne, 
referring to a recent study (Progress 
In Oceanography (2009) 80, 149–162). 
“The challenge is trying to move 
now beyond these observations and 
understand the mechanisms of what 
is going on.”
Payne is now leading a working 
group in the new NACLIM project, 
which is the sequel to THOR and 
also funded by the EU’s Framework 
Diving in: A CTD rosette is released from 
the research vessel Meteor. The CTD 
(Conductivity, Temperature, Depth recorder) 
is an electronic instrument commonly 
used by oceanographers that continuously 
records salinity (by measuring conductivity), 
temperature, and depth (by measuring 
pressure) as the instrument is lowered on 
a hydrowire from the ship. The rosette also 
carries LADCP (the yellow tubes), which 
provide a full–depth profile of ocean current 
from a self-contained ADCP. (Photo: Thomas 
Wasilewski.)
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Model fish: The North Atlantic blue whiting 
(Micromesistius poutassou) has undergone 
dramatic population changes in parallel to 
shifts in ocean circulation and is therefore now 
used as a model system for studies of interac-
tions between currents and ecology. (Photo: 
www.animalspot.net)
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Patricia Hunt is a Meyer 
Distinguished Professor in the 
School of Molecular Biosciences 
at Washington State University. 
She fell in love with genetics when 
she took her first genetics class 
as an undergraduate at Michigan 
State University. She completed 
her graduate studies in 1983 in 
the Department of Reproductive 
Biology at the University of Hawaii 
under Patricia Jacobs, where she 
became fascinated by the human 
maternal age effect on aneuploidy. 
An NIH National Research Service 
award allowed her to spend a 
two-year postdoctoral fellowship 
in London working with Paul 
Burgoyne at the MRC Mammalian 
Development Unit (1984–1986). 
She also spent a valuable and very 
memorable year as a postdoctoral 
fellow in Eva Eicher’s laboratory 
at the Jackson Laboratory. She 
held faculty positions at Emory 
University (1988–1992), and 
Case Western Reserve University 
(1992–2005) before moving to 
Washington State University 
in 2005. Her interest in human 
aneuploidy still fuels her research, 
but the accidental discovery that 
bisphenol A exposure increases 
the frequency of aneuploid eggs 
in mice spawned a new interest in 
the effect of endocrine-disrupting 
chemicals on mammalian 
reproduction.
What made you fall in love with 
genetics? My first genetics class 
was taught by a human geneticist 
named Herman Slatis. It was the 
1970s and, although Dr. Slatis was 
one of the most gifted teachers 
I’ve ever met, he didn’t believe 
that women belonged in medical, 
dental, or graduate school. Despite 
his lack of support (or, perhaps, 
because of it) I decided on a 
graduate career in genetics — but 
I was careful to pick a female 
mentor. Slatis died the year after 
I took his course, but he left a 
tremendous legacy. A number of 
his former students are successful 
human geneticists, including a 
past president of the American 
Q & Aprogramme. Unlike THOR, which 
exclusively dealt with the observation 
and modelling of the ocean and 
climate, NACLIM, which is also 
chaired by Detlef Quadfasel at 
Hamburg, aims to link this research 
to marine biology. 
“Biology lags far behind the 
physical sciences when it comes 
to mechanistic understanding and 
prediction,” says Payne. “Even if 
we could characterise the ocean 
perfectly in infinite detail for the next 
20 years, we couldn’t translate this 
into reliable biological predictions. 
This is the gap that we hope to start 
to bridge in NACLIM. We don’t expect 
to solve the problem — people 
have been trying to understand this 
problem for more than 100 years, 
and haven’t had much success so 
far — but what we do aim to do is to 
make the first steps in this direction, 
and map out the road ahead.” 
The blue whiting, for which the 
connections between physical 
oceanography and population 
ecology have already been studied 
in some detail, will also be the focus 
of Payne’s work within the NACLIM 
project. In the long term, researchers 
hope to be able to predict the effect 
of physical changes on fisheries, 
providing information that would also 
be very useful economically. 
Flood warning
As both the monitoring of the oceans 
and the modelling of the ocean and 
climate systems improve, challenges 
remain for the new EU project 
NACLIM and for the BMBF-funded 
successor to Nordatlantik, RACE! 
(Regional Atlantic Circulation and global changE), co-ordinated by 
Detlef Stammer from the University of 
Hamburg, to address. 
An overarching challenge is the 
need to produce information that is 
useful for decision makers in politics 
and business, to enable them to take 
precautions against effects of climate 
change. Specifically, it is a challenge 
to model and predict changes with 
regional specificity, such as the sea 
levels in the North Sea, as opposed 
to the global average sea levels. Such 
information is crucial for instance 
for the planning and maintenance 
of effective flood defences in cities 
that are exposed to the sea like 
Hamburg, which famously suffered a 
catastrophic flood after a dyke failure 
in 1962. 
As coastal researcher Hans von 
Storch from the Helmholtz-Centre 
for Materials and Coastal Research 
at Geesthacht near Hamburg points 
out, the issue of flooding in coastal 
areas is complicated by human 
activities such as dredging of 
shipping channels and removal of 
ground water. The latter is the reason 
why most river deltas investigated 
in a recent study are sinking (Nature 
Geoscience (2009) 2, 681–686) — 
which compounds the problems 
caused by the general trend of rising 
sea levels. 
The NACLIM project will also 
include a unit led by Koen de Ridder 
at the Flemish Institute of Technology 
(VITO), which will look into the links 
between the ocean and climate 
systems and urban societies. The aim 
is to make the climate predictions, 
which have so far had poor spatial 
resolution, specific to cities, such that 
they can be used to make decisions, 
for instance in the area of healthcare. 
Generally, von Storch concludes, 
to put science in societal context, the 
communications with stakeholders 
should be improved. “We need to 
understand their questions and we 
need to build a dialogue,” von Storch 
said. 
Although the next climate-change-
related disaster may not arrive the 
day after tomorrow, it is safe to 
predict that it will arrive one day, and 
we’d better be prepared. 
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web 
page at www.michaelgross.co.uk.  
His travel to the Hamburg conference was 
paid for by the THOR project. 
